Abstract
Results
From >1500 identified articles, we included 17 studies. Most asked patients to report a lifetime history of stroke but a few limited recall time to 5 years. Some included questions for transient ischaemic attack (TIA) or stroke synonyms. No study was free of risk of bias in the QUADAS-2 assessment, the most frequent causes of bias being incomplete reference standard data, absence of blinding of adjudicators to self-report status, and participant response rates (<80%). PPV of self-report ranged from 22-87% (17 studies), sensitivity from 36-98% (10 studies), specificity from 96-99.6% (10 studies), and NPV from 88.2-99.9% (10 studies). PPV increased with stroke prevalence as expected. Among six studies with available relevant data, if confirmed TIAs were considered to be true rather than false positive strokes, PPV of self-report was >75% in all but one study. It was not possible to assess the influence of recall time or of the question(s) asked on PPV or sensitivity.
Introduction
Stroke is likely to be caused by a wide variety of genetic, lifestyle and environmental risk factors with individually modest effects and complex interactions [1, 2] . Very large studies, yielding large numbers of stroke outcomes, are required to investigate these effects reliably [3] . One such study is UK Biobank, a very large prospective cohort study of 503,000 participants, aged 40-69 years when recruited in England, Scotland and Wales between 2006 and 2010 [4] . At recruitment, participants completed a detailed touchscreen questionnaire which included selfreport of previous medical conditions. Based on responses to the question 'Has a doctor ever told you that you have had a stroke?', the prevalence of stroke in UK Biobank estimated by selfreport was 1.4% [5] . From published UK stroke prevalence data [6] and allowing for the healthy cohort effect (i.e., volunteers in population-based cohort studies tend to have lower disease rates on average than the general population), the true prevalence of stroke in UK Biobank is likely to be <2% (~5000 to 10,000 cases).
For health-related outcomes such as stroke, large prospective studies such as UK Biobank need to maximise statistical power to detect genuine associations in nested case-control or case-cohort studies. This requires a strategy that identifies cases representative of the spectrum of the disease being studied with adequate sensitivity (the proportion of true positive stroke cases identified) and specificity (the proportion of true negative 'non-stroke' controls identified), and that maximises positive predictive value (PPV, the proportion of cases identified that are true cases of stroke) (Fig 1) . PPV depends on sensitivity, specificity and stroke prevalence [7] . Maximising PPV will minimise the number of false positive cases, in turn minimising loss of statistical power through misclassification of cases. Some false negatives can be tolerated, since these are diluted by the very much larger control population, with much more limited impact on statistical power (in other words, negative predictive value and specificity will be always be very high where the condition being identified is uncommon).
Along with similar, large, prospective studies, UK Biobank aims to use multiple sources of data to identify stroke cases, including coded electronic data from hospital admissions, death certificates and primary care, as well as self-report. Use of multiple data sources should improve sensitivity of stroke detection, and, where multiple sources agree, improve PPV. However, potential cases, particularly those identified by a single data source, are likely to include false positives and may require further confirmation to maximise PPV.
Self-report accuracy varies according to the disease reported [8] . As far as we are aware, there are no systematic reviews of the accuracy of self-report of stroke. To assess the potential contribution of self-report to stroke identification methods in large prospective studies, we conducted a systematic review of published studies assessing the accuracy of patient self-report of stroke against a reference standard for stroke (using WHO [9] or equivalent definitions), focusing on PPV but also seeking information on sensitivity, specificity and negative predictive value (NPV).
Methods
A detailed study protocol is available in S1 Appendix.
Search Strategy
We searched Medline and Embase to November 2013 for studies assessing the accuracy of selfreport of stroke against a reference standard diagnosis of stroke. We used a combination of medical subject heading and text word terms for 'stroke', 'self-report', 'accuracy', 'medical records' and 'diagnosis'. We also searched the Cochrane Database of Systematic Reviews for relevant reviews of diagnostic test accuracy of stroke self-report. One author assessed eligibility by reviewing all titles and abstracts, and the full text of potentially relevant articles, resolving any uncertainties through discussion with a second. Bibliographies of included publications were reviewed to identify any additional relevant studies.
Eligibility Criteria
We included studies which assessed the accuracy of patient self-report of stroke (with or without transient ischemic attack [TIA] or synonyms for either) against a reference standard diagnosis of stroke. We included studies which compared self-report of stroke or TIA against a reference standard of stroke because we hypothesised that asking about TIA (or its synonyms) might increase sensitivity for stroke. Included studies had to report the method of self-report, the reference standard used (any combination of hospital/primary care medical record review, hospital/primary care physician questionnaire, expert clinical examination, or hospital/population-based stroke registers), and the positive predictive value (PPV) +/-sensitivity, specificity, negative predictive value (NPV) of self-report (or provide data from which these values could be calculated, as shown in Fig 1) . We excluded studies which assessed self-report of 'cerebrovascular disease', 'symptoms' or 'past medical history' unless stroke was specifically mentioned. We also excluded studies which used only coded data (e.g., International Classification of Diseases codes) as the reference standard to confirm cases, studies which did not distinguish confirmed stroke cases from transient ischaemic attack (TIA) or other cerebrovascular disease, and, to improve precision, studies with <50 self-reported strokes. 
Data Extraction
We extracted information from each included study on: the nature of the population surveyed (country, age range, selection criteria); number of participants included and response rate (proportion of potential participants who agreed to take part and completed questionnaires or attended interviews); question(s) asked (stroke, or stroke plus TIA/synonyms); mean (or median) age at self-report; recall period (years or lifetime); reference standard(s) used and source of data ('hospital' which includes only hospital diagnosed strokes, or 'population' which includes strokes diagnosed in the community); presence or absence of missing data; presence or absence of blinding of adjudicators (physicians or researchers who established the reference standard diagnosis) to participant self-report; presence or absence of differential verification (use of different reference standards for self-report positive versus self-report negative responses); PPV, sensitivity, specificity and NPV of self-report; number of reports of stroke which were confirmed TIAs.
Data Analysis
We tabulated results for visual inspection to assess factors which might influence the accuracy of self-report including: estimated stroke prevalence; age at self-report (mean or median); recall time (years); question asked (stroke or stroke plus TIA/synonyms). Where possible, we used within-study comparisons to assess the influence of age, recall time and question(s) asked on the accuracy of self-report. The denominator population was the final number of participants (excluding non-responders) for whom complete reference standard data were available. Stroke prevalence was the number of 'true strokes' (TP+FN) divided by the denominator population (TP+FP+FN+TN) (Fig 1) . We only calculated sensitivity, specificity and stroke prevalence when the reference standard was population-based (i.e., included general practitioner medical records, general practitioner questionnaires, or physician assessment of all participants, to capture strokes diagnosed out of hospital).
We assessed risk of bias at individual study level using the revised Quality Assessment of Diagnostic Studies tool (QUADAS-2), [10] but did not exclude studies on the basis of bias assessments. Risk of bias was scored as 'low', 'high', or 'unclear' in response to specific questions which considered patient selection (study design, sampling methods, exclusion criteria); index test (self-report questionnaire design, blinding to the reference standard); reference standard (source of data, blinding to self-report status); flow and timing (participant response rates, missing reference standard data, presence of differential verification). The study protocol (S1 Appendix) provides a detailed list of questions and scoring methods.
We calculated 95% confidence intervals for PPV, sensitivity, specificity, and NPV in Stata version 12 using the Wilson method for binomial proportions [11] . We did not undertake formal meta-analysis or meta-regression due to the heterogeneity between studies in their methods, participant characteristics and reporting, and because the number of studies available for inclusion in any potential meta-regression analysis was small (<10) [12] .
Results
From 1707 publications identified, we reviewed 148 full texts, eventually including 17 studies (Fig 2) .
Australia [28] and New Zealand [29] . Potential participants were selected based on geographic location and/or age in all studies. The age of potential participants ranged from >20 to >80 years old. Additional selection criteria in some studies included gender [13, 22, 24, 26] , occupation [14, 24] , presence or absence of disability [18, 22] , absence of moderate/severe cognitive impairment [13, 22] , place of residence [18] , or medication use (non-steroidal anti-inflammatory drug prescription) [17] .
Responses were ascertained by post [13-15, 17, 19, 21, 24-26] , during routine outpatient visits [16] , by face-to-face interview [18, 22, 23, [26] [27] [28] [29] , or by telephone [16] . Response rates were 80% in five studies [13, 15, 16, 18, 28] , 60-79% in six [14, [20] [21] [22] [23] 27] , and <60% in three (23-57%) [17, 25, 29] . The remaining three studies did not report response rates [19, 24, 26]. Four studies compared characteristics of responders to non-responders [15, 17, 25, 28] . The two largest studies (including 10,000 and 120,000 potential participants) found that responders were older than non-responders and more often female [17, 28] , but absolute differences were small (mean age 2 or 3 years higher, 1 or 6% more females).
Six studies asked participants to report 'stroke' [13, 20, 22, 23, 28, 29] , five to report 'stroke, mini-stroke or transient ischemic attack (TIA)' [14, 15, [25] [26] [27] , and three to report stroke, but including stroke synonyms in the question (cerebral haemorrhage/brain haemorrhage/infarction/thrombosis/subarachnoid haemorrhage) [16, 19, 21] . All but three studies [17, 18, 24] published the specific question(s) asked. The period of recall ranged from six months to 5 years in five studies [14, 23, 24, 26, 28] , 10 to 22 years in three studies [13, 21, 27] , and was lifetime in the remaining nine [15-20, 22, 25, 29] .
The reference standard was population-based (primary care data, primary care plus hospital data, and/or clinical examination of all participants) in thirteen studies [13-23, 25, 29] , and hospital-based (hospital data only) in four [24, [26] [27] [28] . Stroke was confirmed by general practitioner questionnaire [17, 18] , medical record review [16, 20, [24] [25] [26] [27] [28] , presence on a stroke register plus medical record review [21] , clinical examination plus medical record review [19] , or a combination of these methods [13-15, 22, 23, 29] . Stroke prevalence ranged from 0.1%-17% in ten studies which used a population-based reference standard and published sufficient data to estimate prevalence [13, 15-18, 21, 22, 23, 25, 29] .
Assessment of Bias
Detailed results of the bias assessment are displayed in S2 Table. All studies had 'high' or 'unclear' risk of bias in at least one category. Incomplete reference standard data (missing or irretrievable records) [13, 15, 17-20, 22-24, 27-29] , absence of blinding of adjudicators to selfreport status [13-15, 19, 21, 23] , and participant response rates (<80%) [14, 17, 20-23, 25, 27, 29] were the most frequent reasons for 'high risk' of bias.
Only five studies reported that adjudicators were blind to participant self-report results [17, 18, 24, 28, 29] . In six, presence or absence of blinding was not clearly reported [16, 20, 22, [25] [26] [27] . In one study, the reference standard diagnosis was made following physician examination of patients, un-blinded to self-report status [23] . In five other studies blinding was jeopardised because the reference standard included history and examination of patients [15, 19] , or because records of apparent false-positive reports were re-examined for evidence of stroke [13, 14, 21] . In one of these studies, re-examination of records of apparent false-positive reports led to confirmation of a few additional stroke cases, and increased the PPV of patient self-report from 41% (95% CI 35-48) to 56% (95% CI 49-62).
The self-report method most often scored 'unclear' risk of bias. Three studies did not publish the specific question(s) asked [17, 18, 24] , and eight (which used face-to-face interviews) did not report presence or absence of blinding of the interviewer to the reference standard diagnosis [16, 22, 23, [26] [27] [28] [29] .
Other sources of bias included use of hospital versus population-based reference standards [24, [26] [27] [28] , exclusion of particular types of participants (eg., based on cognitive impairment, severe disability, or residence in a nursing home) [13, 18, 22, 23] , and differential verification of the reference standard (different data used to verify self-report positive versus negative cases) [13] [14] [15] 21] . Most studies used a source of data (primary care records, general practitioner questionnaire, examination of all participants) which captured strokes diagnosed out of hospital [13-23, 25, 29] . The remaining studies, which used hospital-based reference standards [24, [26] [27] [28] , had a higher risk of bias due to the potential for missing 'true' stroke cases diagnosed out of hospital.
Accuracy of Self-Report
PPV of self-report ranged from 22-87%. Among ten studies which used a population-based reference standard, and had sufficient published data, sensitivity of self-report varied (from 36-98%), but specificity and NPV were consistently high (from 88-99.9%) (S3 Table) . [15-18, 21-23, 25, 29] The proportion of self-reported strokes which were not strokes but confirmed to be TIAs (according to the reference standard) ranged from 6-25% among six studies with available relevant data [13, 15, 16, 20, 24, 29] . In these studies, if these confirmed TIAs were considered to be true rather than false positive stroke cases, the revised PPV was >75% in all but one study (Table 1) .
Factors Influencing Accuracy
The range of PPVs for self-report was similar [17, 25, 29] in the studies with very low response rates (<60%) to that of studies with higher response rates (60%) [13, 15, 16, 18, 19, 21, 27] . Overall, the range of PPVs appeared similar in blinded [17-19, 24, 28] versus un-blinded studies [13, 23] and in population-based [15-23, 25, 29] versus hospital-based [24, [26] [27] [28] studies.
Stroke prevalence. PPV increased with increasing stroke prevalence (Fig 3) . Participant age. Among studies which reported the average age of responders (mean or median) [15, 17, 19, 23, 25, 28, 29] , we noted increasing PPV with increasing reporting age, probably because stroke prevalence increased with age ( Table 2) . Among five studies which published reporting age, and had sufficient data to calculate sensitivity [15, 17, 23, 25, 29] , the study with the highest mean participant age (84 years) had the lowest sensitivity for stroke (sensitivity 36%, 95% CI 28-44) [29] . Sensitivity of self-report was stratified by age within one large study (~90,000 participants) [21] , and fell with increasing age (78% in those <75 years versus 69% in those 75 years). A similar pattern was observed in a second, smaller study (~1, 536 participants. with sensitivities of 60% in those < 75 years versus 48% in those 75 years) [23] . However, limited data for sensitivity as well as heterogeneity between studies in population characteristics meant that it was not possible to demonstrate a clear association between reporting age and sensitivity.
Question(s) asked. Overall, there was no clear difference in PPV or sensitivity between studies which asked about 'stroke' versus 'stroke plus synonyms' versus 'stroke/TIA' [13-16, 18, 19, 21-23, 25-27, 29] . However, among included studies there were no within-study comparisons of the influence of the question(s) asked on PPV or sensitivity of stroke self-report.
Recall time. In between-study comparisons, recall of events over the last six months to one year (PPV 72% to 81%) [23, 26] was not clearly more accurate than recall of events over the previous 2 to 5 years (PPV 38% to 78%) [14, 24, 28] or over lifetime (PPV 22% to 87%) [16-20, 22, 25, 29] . Two studies stratified PPV results by recall time, and neither found a difference in PPV for more versus less recent events [21, 28] . One of these studies (~90,000 participants) found no difference in sensitivity for more versus less recent events [21] .
Discussion
As far as we are aware this is the first systematic review of the accuracy of self-report of stroke. Self-report had variable PPV (range 22 to 87%) and variable sensitivity (range 36 to 98%) for stroke, but consistently high specificity and NPV (88 to 99%). In populations with low stroke prevalence, it would take a very large number of false positives to reduce specificity or NPV. PPV and sensitivity are therefore more informative measures. PPV increased with increasing stroke prevalence. Although this relationship is not surprising, we have shown that in populations with low stroke prevalence (<10%), a large proportion of self-reported strokes (~1/3 to 3/ 4) were false positive. This has important implications for large prospective studies, where stroke prevalence is likely to be low.
Reviews of the accuracy of self-report of various diseases have found that PPV and sensitivity vary depending on the disease reported [8] . For certain diseases, such as myocardial infarction, or cancer, a large proportion of false positive self-reports occur because patients confuse the diagnosis with a similar condition (e.g., other cardiovascular disease, or other cancer type) [30]. Similarly, we found that 6-25% of individuals who self-reported stroke had a reference standard diagnosis of TIA. If doctors or other health professionals used the term 'mini-stroke' when referring to TIA, the patient may be misled into thinking they had had a stroke. Grouping of stroke and TIA cases might be acceptable for some research questions (eg., those which explore common risk factors for stroke/TIA). If both TIA and stroke were considered true positive, the PPV of self-report of stroke (or stroke/TIA) was higher.
Other research questions require accurate identification of stroke, and accurate exclusion of TIA cases, (eg., those which explore risk-factors associated with the different pathological types and sub-types of stroke). However, there is no 'gold standard' diagnosis for stroke. The classic 'symptom-based' definition of stroke relies on symptom duration (>24 hours) to distinguish stroke from TIA [9] . A newer 'tissue-based' definition has been proposed, which relies on the presence of brain infarction to diagnose stroke, irrespective of symptom duration (<24 hours) [31] , but application of this rule reclassifies cases of 'TIA with infarction' as stroke. Although physicians (expert and non-expert) are inconsistent in diagnosing stroke using 'symptombased' definitions [32] the 'tissue-based' definition is equally susceptible to inter-observer variation [33] [34] [35] . Accurate diagnosis of brain infarction depends on the choice and timing of imaging, and on reviewer expertise [33, 34] . The 'tissue-based' definition is therefore likely to be particularly susceptible to variation when applied across different settings (with different brain imaging resources) [35] . To maintain consistency, we excluded studies which used the 'tissue-based' definition from our review. However, as new definitions and diagnostic terms continue to emerge, this lack of consistency will contribute to the misreporting of stroke (as TIA and vice versa) by patients and their physicians.
Previous primary studies have assessed the influence of gender, cognitive impairment, education, and number of co-morbidities on the accuracy or reliability of stroke self-report, with variable and sometimes conflicting results [18, 19, 22, 23, 25, 27, 29] . However, it is difficult to draw overall conclusions because a range of different methods were used to analyse data and present results. We observed a wide range in PPV and sensitivity of self-report, which is likely to reflect between-study heterogeneity in both population characteristics and study design.
Reassuringly, only a few studies had low response rates (<60%). While this may have introduced selection bias, the accuracy (range of PPVs) of self-report was not clearly affected by response rates. Neither was there any clear affect of incomplete blinding on the range of PPVs. The majority of included studies had missing reference standard data [13, 15, 17-20, 22-24, 27-29] . Although this is an important source of potential bias, incomplete reporting meant that it was not possible to assess the influence of missing reference standard data on the PPV and/or sensitivity of self-report. The reference standard used (hospital versus populationbased) was an additional potential source of bias. Studies which excluded cases diagnosed out of hospital from their reference standard had a higher chance of misclassifying 'true stroke cases' as 'false positive' self-reports, and so of underestimating PPV. However, we did not find a difference in the overall accuracy of self-report (PPV) between hospital-based and population-based studies.
Strengths of this study include our thorough search strategy, adherence to published guidelines for test accuracy reviews [36] , and inclusion of all relevant studies of stroke self-report. Although we only searched two online databases, a strategy which may have missed potentially relevant articles, we augmented our search by screening bibliographies of all included publications. Bibliography screening may be the most effective method of identifying additional relevant articles in systematic reviews of test accuracy [37] . Additional strengths of our review include the exclusion of studies which failed to distinguish TIA from stroke in the reference standard, use of a single stroke definition (WHO) [9] , and exclusion of studies which used coded data as the only source of stroke confirmation.
There were some limitations. First, variation in the accuracy and completeness of the reference standard may have contributed to between-study variation in PPV and sensitivity. To improve comparability between studies, we only calculated sensitivity, specificity, NPV, or stroke prevalence when the reference standard was population-based. This was possible in ten out of seventeen included studies. However, only two included studies used the most robust population-based reference standard for stroke, [38] , with multiple sources of case ascertainment and confirmation [14, 15] . Second, the true sensitivity of self-report is likely to be lower than the included studies suggest, since non-responders could not be included in the denominator population (non-response ranged from 10-77% amongst included studies). Third, incomplete reporting and limited within-study comparisons of population characteristics (such as age, gender, education, cognitive impairment, comorbidities) made it difficult to assess the influence of these individual factors on self-report PPV or sensitivity. Fourth, as discussed above, there is no gold standard test to diagnose stroke or TIA. Lack of consistency in determining the 'true' diagnosis is likely to have contributed to the wide range of reported PPV, sensitivity and stroke prevalence.
Further work is needed to assess and compare multiple overlapping sources of stroke detection in large epidemiological studies. Some studies have found that self-report increases the number of potential strokes detected (compared to hospital or primary care data) [14, 26] . However, it is uncertain whether using self-report is time-or cost-effective for stroke case detection in large prospective studies, because potential strokes would need to be confirmed, for example by medical record review. In addition, future work should examine the influence of the question asked on PPV and/or sensitivity of stroke report. We did not find a clear influence of the questions asked on PPV or sensitivity, but there were no within-study comparisons of stroke specific questions versus stroke/TIA or stroke synonyms. Establishing the best list of questions (to improve disease specific sensitivity or PPV) will be important for future questionnaire design. Future work could also consider the influence of new stroke definitions (where used), and more sensitive imaging methods (where available) on the PPV and/or sensitivity of self-report.
Conclusions
Based on the results of this study, we suggest that self-report of stroke may be a useful screening tool to identify potential stroke disease in prospective studies, but not accurate enough on its own to confirm cases. Once potential cases are identified, a subsequent confirmation step using other data sources will also be required. The influence of stroke prevalence on PPV means that in studies with low stroke prevalence, like UK Biobank, a large proportion of potential strokes identified by self-report may be false positives.
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